Abstract The objectives of this study were to: (1) calculate age-specific and age-adjusted cause-specific mortality rates for Arab Americans; and (2) compare these rates with those for blacks and whites. Mortality rates were estimated using Michigan death certificate data, an Arab surname and first name list, and 2000 U.S. Census data. Age-specific rates, age-adjusted all-cause and cause-specific rates were calculated. Arab Americans (75?) had higher mortality rates than whites and blacks. Among men, all-cause and cause-specific mortality rates for Arab Americans were in the range of whites and blacks. However, Arab American men had lower mortality rates from cancer and chronic lower respiratory disease compared to both whites and blacks. Among women, Arab Americans had lower mortality rates from heart disease, cancer, stroke, and diabetes than whites and blacks. Arab Americans are growing in number. Future study should focus on designing rigorous separate analyses for this population.
published investigations of mortality in this population subgroup, specifically among immigrants. Nasseri [19] used death certificate data and reported proportional mortality ratios comparing Arab Middle Eastern immigrants to U.S. born non-Hispanic whites. Kato and colleagues [20] reported on cancer deaths by cancer site among Arab immigrants compared to U.S. born cases. Neither one estimated mortality rates.
Researchers have been using surname lists to estimate morbidity and mortality rates of small racial and ethnic groups for the past 30 years. These methods have been rigorously tested among several racial and ethnic groups worldwide and provide estimates that are reliable and valid [21] [22] [23] [24] .
These studies are important and contribute to the growing literature on Arab American health. Dallo and Williams [25] , in their recent review of the health literature on Arab Americans, suggest that despite a favorable socioeconomic status profile, the risk of diabetes, certain cancers, and mental health problems are higher among Arab Americans compared to some other ethnic minorities or whites. A majority of these studies were conducted in metropolitan Detroit given that this area has a higher concentration of Arab Americans than any other U.S. city [26] . Some of these studies included blacks in the sample, because Arab Americans and blacks live in close proximity to one another. In fact, because of this demographic pattern, several studies have assessed whether exposure to risk factors similarly influenced the prevalence of chronic conditions for blacks and Arab Americans [5, 7] . Again, however, none of these studies have estimated mortality rates.
Given that Arab Americans are becoming increasingly visible in the U.S. and there is very limited information regarding their health, the current study has two objectives: (1) calculate age-specific and age-adjusted cause-specific mortality rates for Arab Americans 25 years of age and older in Michigan; and (2) compare these mortality rates with the rates for blacks and whites in Michigan.
Methods
Mortality rates for Arab Americans in Michigan were estimated using Michigan death certificate data, an Arab surname list, an Arab first name list, and 2,000 U.S. Census data. To calculate the numerator, the 1999-2001 death record files from the Michigan Department of Community Health's Vital Records and Health Development Section for individuals 25 years of age or older were matched with the name lists that were previously developed and validated at the Metropolitan Detroit Cancer Surveillance System [14] . Several validation steps determined that the names represented self-identified Arab Americans with very few false positives (i.e., the lists were designed to be more specific than sensitive). The decedent's name was considered Arab based on either of two criteria:(1) a match of the decedent's surname to the Arab surname list; or (2) a match of the decedent's surname to the ''equivocal'' name list (equivocal names are names common to both Arab and European Americans) and a match of the decedent's first name to the Arab first name list.
Population denominator data were derived using the Public-Use Microdata Samples (PUMS) from the U.S. 2000 decennial census, which contains information from the U.S. Census Bureau long form [27] . Three items from the long-form-Arab ancestry, birthplace in an Arab League country, or Arabic/Syriac language spoken at homewere used to identify Arab Americans to compute the rate denominator. Rate ratios and p-values were calculated comparing the Arab American rates to the rates for black and white Michigan residents using the exact rate ratio test in the R statistical package (version 1.0-1) [28] . The numerator for all age-specific rates was estimated for 5-year age groups (except for the group 85 years of age or above). Rate ratios and chi-square values were calculated comparing the Arab American rates to the rates for black and white Michigan residents.
To determine age-adjusted cause-specific mortality rates, age-adjusted rates were calculated using the same methodology with the addition of age standardizing the rates to the U.S. 2000 standard million population. Cause-specific rates were calculated using the ''underlying'' cause of death from the death certificate, and were classified using the Tenth Revision of the International Classification of Diseases (ICD-10) [29] . Rates were calculated for heart disease (ICD-10 codes I00-I09, I11, I13, I20-I51), cancer (ICD-10 codes C00-C97), stroke (ICD-10 codes I60-I69), chronic lower respiratory disease (ICD-10 codes J40-J47), and diabetes mellitus (ICD-10 codes E10-E14). We included only these diseases because of their high disease burden in the general population [30] and because these diseases had at least 10 Arab American deaths on average per year. Confidence intervals were calculated using the Fay and Feuer method, which produces valid confidence intervals even when the number of cases is small [31] . Rate and confidence interval calculations were completed using SAS version 9.2 [32] .
Finally, the Michigan Department of Community Health's Vital Records and Health Development Section provided year 2000 mortality rates for white and black Michigan residents age 25 and older using the department's standard methods.
Results
From a total of 215,494 death records reviewed, 2,801 records were considered to be from people of Arab ancestry. Age-specific mortality rates varied among Arab Americans, whites, and blacks (Table 1 , panels A-C). For both sexes (panel A), among those 44 years of age or younger and ages 50-54, Arab Americans had lower mortality rates compared to whites; that is, the Arab to white ratio was less than 1.0. However, for individuals 45-49 and 55 years of age or older, the Arab to white ratio was greater than 1.0. For example, the Arab to white mortality ratio was 1.13 for individuals between the ages of 45-49. Of these, the only statistically significant differences in mortality rates between Arab Americans and whites were for ages 75-79 (p = 0.04), 80-84 and 85 or older (both p-values \ 0.01). When compared to blacks, Arab Americans had lower mortality ratios for ages 25-74 years, but higher mortality ratios at ages 75 years or older (all p-values \0.01, except for ages 75-79). Similar patterns were observed when stratified by sex (see panel B for men and panel C for women).
In general, the Arab American age-adjusted cause-specific mortality rate estimates were in the range of the black and white estimates; however, because of the comparatively low Arab American sample size, the confidence intervals were larger than those of the two other groups ( Table 2 ). The estimated heart disease death rate for Arab American males (637.4; 95% CI = 533.8, 757.9) was higher that of white men (521.6; 95% CI = 514.7, 528.5) and lower than that of black men (657.8; 95% CI = 633.3, 682.3). For cancer, both Arab American men (347.6; 95% CI = 279.5, 431.2) and white men (378.8; 95% CI = 372.2, 385.4) had significantly lower rates than black men (479.4; 95% CI = 456.8, 502.0). Arab and white males had comparable stroke (Arab: 94.6; white: 93.5) and diabetes (Arab: 44.3; white: 44.0) specific mortality rates, but lower than that for blacks (stroke: 117.7; diabetes: 59.5).
Arab American women had lower mortality rates for all causes combined, heart disease, cancer, stroke, chronic lower respiratory disease, and diabetes when compared to white and black women. However, due to the small numbers, the Arab American confidence intervals overlapped with the confidence intervals of white women, except for all cause, heart disease and cancer specific rates ( Table 3 ). The mortality rates for all causes combined, heart disease, cancer, and diabetes were statistically and significantly lower for Arab American than for black women.
Discussion
The objectives of this paper were to present and compare agespecific and age-adjusted cause-specific mortality rates for Arab Americans, blacks, and whites 25 years of age or older in Michigan. In general, Arab American age-specific mortality rates were most similar to whites and lower than blacks, except at the oldest age ranges. The Arab American mortality rates for the two oldest age categories were significantly higher than both whites and blacks. The possibility of small numbers contributing to instability of the mortality rate estimate must be considered and interpreted with caution.
We found that among Arab Americans, males had higher all-cause and cause-specific mortality rates compared to females. This also was true for white and black males, with the exception of diabetes, where mortality rates were similar for black males and females. In general, allcause and cause-specific mortality rates for Arab American men were in the range of white and black men. However, Arab American men had lower mortality rates from cancer and chronic lower respiratory disease compared to both white and black men. Among women, Arab Americans had lower mortality rates from heart disease, cancer, stroke, and diabetes than white and black women.
Because this is the first study to report Arab American mortality rates, it is not possible to directly compare our results to other studies. One study by Nasseri reported proportional mortality ratios in California, comparing observed number of deaths for Arab Middle Eastern first generation immigrants to expected number of deaths based on nonHispanic white U.S. born deaths [19] . While Nasseri's study estimates proportional mortality ratios, the current study estimated mortality rates. Proportional mortality ratios are used when there is a lack of information for the population at risk (i.e. the denominator). We used data from the census, which is currently the most informative, reliable, and representative source of information on Arab Americans [25] .
The reasons for the heart disease and diabetes discrepancies between these two studies may be due to differences in: 1) mortality measures (proportional mortality ratios versus mortality rates); 2) time frame (1989-1999 versus 1999-2001 ); 3) method of identification (country of birth in California and surname lists in Michigan); and 4) immigration status (first generation versus total population). Nasseri's study included only first generation white immigrants in California, whereas our study included Arab Americans, whites, and blacks, regardless of immigration status. In addition, the two samples in Michigan and California may be quite heterogeneous in terms of health due to differences in health behaviors, acculturation, chronic conditions, access to care, and socioeconomic status. Taken together, these variables are powerful determinants of mortality.
Furthermore, as Arab Americans become more ''westernized'' and adopt U.S. norms of physical inactivity and poor diet, the prevalence of diabetes and obesity may increase. Future studies should better understand the role of health behaviors among Arab Americans given that in 2000, the leading cause of death in the U.S. was tobacco use, followed by poor diet and physical inactivity [30] .
The interpretation of reported mortality rates also are influenced by strengths and limitations of our study. The first strength of this study is it uses a validated Arab surname and first name list to match with Michigan death certificate data. Another strength is the use of 2000 U.S. Census data to obtain denominator estimates for Arab Americans. A third strength is we used a tight time interval (1999) (2000) (2001) to make as accurate comparisons as possible to 2000 data for whites and blacks. Some limitations include a relatively small sample size for Arab Americans, especially for some of the cause-specific rates. However, averaging three years of data should stabilize the rate estimate. Another limitation is that Arab Americans may be undercounted by the U.S. Census, which would affect the denominator. The authors at the Metropolitan Detroit Cancer Surveillance System have investigated this issue thoroughly and have found that the use of a combined value of ancestry, place of birth, and language spoken provide the best estimate using U.S. Census data, which are the only data available by age for purposes of age stratification and adjustment in this population. Another limitation is we lacked data on length of stay and generational status in the U.S. National mortality data for the U.S. indicates that immigrants of all racial/ethnic groups have better health than their U.S.-born counterparts [33] . However, health tends to worsen with increasing stay in the U.S. [34] . This is an issue we were unable to address with our data. Third, we lacked data on national origin and religion for the Arab American population. Some limited evidence suggests that the health status of Arab Americans may vary by country of origin and religion [5] [6] [7] .
New Contribution to the Literature
Mortality rates are compelling indicators of health. This study sheds light on mortality rates among Arab Americans, an understudied and underserved population. Future studies should add a separate category for Arab Americans or at least a label under the white category to allow us to design and initiate more rigorous separate analyses for this population group. To truly capture the diversity of the state of Michigan and our nation, it is important to recognize the increasing Arab American population as a group separate from white.
